Protected methionine (Smartamine™; 0, 15 or 30 g d -1 ) was supplemented to rations containing a high proportion of starch easily (barley) or slowly (maize) fermented in the rumen, fed to preand postpartum dairy cows to study its effect on milk yield and composition, metabolic profi le and reproduction. The experiment was carried out on 24 Polish Holstein-Friesian cows, divided 21 days before expected parturition into 3 groups of 8 animals and fed individually. Protected methionine was added to the rations from day 21 before, until 21 day after parturition, but the performance of cows was controlled up to the end of week 12 of lactation.
INTRODUCTION
In cows of high genetic value, a decrease in feed intake in the last several days before parturition often creates a negative energy balance (Grummer, 1993 (Grummer, , 1995 Drackley, 1999; Keady et al., 2001) . In this period the animals are not able to cover intensively increasing energy requirements. As a result of the energy defi cit, mobilization of adipose tissue occurs, causing a drastic increase in non-esterifi ed fatty acid (NEFA) concentrations in the blood (Drackley, 1999) . Subsequently NEFA are caught by the liver for complete oxidation to CO 2 or incomplete oxidation to ketone bodies. A certain proportion of NEFA undergoes re-esterifi cation to triglycerides (TG), whereas some is removed from the liver as a very-low-density lipoprotein (VLDL) fraction (Drackley, 1999; Rukkwamsuk et al., 2000) . If the TG concentration in the liver exceeds its removal capability in VLDL, TG is stored in the liver, causing liver lipidosis ("fatty liver"). As a consequence, liver metabolic functions such as gluconeogenesis, ureogenesis and cholesterol and prostaglandin synthesis are reduced (Grummer, 1993 (Grummer, , 1995 . The rate of fatty degeneration of the liver can be reduced either by minimizing fat reserve mobilization or augmenting removal of TG from the liver as VLDL. Unfortunately, the hepatocytes of ruminants have a lower potential for VLDL synthesis than those of non-ruminants (Kleppe et al., 1988) .
Apolipoprotein B is the main protein in VLDL. The concentration of mRNA for this protein is decreased in the liver of cows in early lactation compared with late lactation and the dry period (Cardot et al., 1988; Gruffat et al., 1997) . This decrease may be linked with TG accumulation in the liver (Emery et al., 1992; Gruffat et al., 1997) .
Studies on the possibility of increasing TG removal from the liver as VLDL have not given univocal answers. Bobe et al. (2004) reported that addition to diets of components thought to increase VLDL synthesis and removal from the liver, such as carnitine, choline, inositol, lysine and methionine, have not brought expected effects in ruminants. It is possible that these components are not defi cient in ruminants or they are easily degraded in the rumen. It is also possible that VLDL synthesis in ruminants does not depend on these components.
Methionine is a precursor of apolipoprotein B 100 (apoB100) in the liver (Grummer, 1993) . It is also a donor of methyl groups necessary for the synthesis of phospholipids, essential components of VLDL. It was supposed that the limited VLDL removal from the liver could result from methionine defi ciency (McCarthy et al., 1968) . Intravenous infusion of methionine and lysine increased VLDL synthesis in the liver (Durand, 1992) . Bauchart et al. (1998) demonstrated that addition of methionine to the diet could increase lipoprotein synthesis in the liver of ruminants, however, the increase of this synthesis was rather small and probably had no biological signifi cance. In another experiment, the dietary addition of 13 g d -1 of a methionine hydroxy-analogue did not change the TG concentration in the liver of cows under feed restriction (Bertics and Grummer, 1999) . Similar effects of hydroxy-analog addition were reported by others (Pullen et al., 1989; Bauchart et al., 1998) . On the other hand, Pipenbrink et al. (2004) reported a positive effect of methionine hydroxy-analogue on milk yield without any infl uence on liver energy metabolism. In this study, the methionine hydroxo-analogue was dosed from day 21 before calving to day 84 of lactation. Brusemeister and Südekum (2006) hypothesize that ruminally protected methionine may positively affect choline metabolism and by this means stimulate VLDL synthesis in the liver.
Starch origin determined its rate of degradation in the rumen and amount digested in the small intestine. On the other hand, intestinal digestion of starch to glucose is more energy-effi cient than rumen starch fermentation (Mills et al., 1999) . Gluconeogenesis in the liver from propionate requires additional energy expenditure (Nocek and Tamminga, 1991; Rukkwamsuk et al., 1999) . In this context, feeding starch digested in the small intestine instead of the rumen in combination with protected methionine could reduce the energy defi cit and minimize liver lipidosis by eventual stimulation of VLDL synthesis. Such a physiological reaction could have a positive effect on milk production and reproduction of cows. However in the study of Bertics and Grummer (1999) a simultaneous supply of methionine hydroxy-analog and protected fat did not minimize fatty liver.
The aim of the study was to determine the effect on milk yield and composition, metabolic profi le and reproduction of adding protected methionine and different starch sources (easily or slowly fermented in the rumen) to the diets for transition cows.
MATERIAL AND METHODS

Experimental design, animals and management
The experiment was carried out on 24 Polish Holstein-Friesian cows. On day 21 before expected calving the cows were allotted by the analog method into 3 groups of 8 animals, taking into account body weight (547-738 kg), proportion of STRZETELSKI J.A. ET AL.
Holstein-Friesian blood, parity, body condition score (BCS) and maximal milk yield in previous lactations.
The diets for cows were balanced according to IZ-INRA (2001) standards. They were then supplemented from day 21 before expected calving up to day 21 of lactation with 0, 15 or 30 g d -1 (group I, II and III, respectively) of ruminally protected methionine (Smartamine MT M, Addiseo). According to the supplier, Smartamine contained 70% methionine of which 90% was protected from rumen degradation. Cows of each group were fed concentrate containing either ground barley (subgroup B) or ground maize grain (subgroup M) from day 21 before expected calving up to the end of week 12 of lactation (Table 1) . Cows were kept tied in individual straw-bedded stalls enabling individual control of concentrate and forage intake, with permanent access to drinking water and salt-licks. The basal diet consisted of maize silage, lucerne silage, whole barley plant (45%) -lucerne (55%) silage, sugar beet pulp silage, wet brewer's grains and meadow hay. Soyabean meal was used as a protein equalizing factor (Table  2) . Before calving cows were fed daily rations containing from 11.80 to 7.10 kg DM d -1 from the basal diet and 0.88 to 1.79 kg DM d -1 from concentrate. During lactation the rations consisted of 11.89 to 13.42 and 13.42 to 11.89 kg DM d -1 of basal diet and concentrates, respectively. Vitamins and minerals were also supplemented in drinking water as Aquablend, Superzinc and Hydrovit (Aqua-Blend, The Netherland).
Cows were fed individually twice daily, with maize silage, sugar beet pulp silage and wet brewer's grains in the morning, and maize silage, lucerne silage, barley+lucerne silage and meadow hay in the afternoon before milking. Concentrates were given separately from forages 3 times per day in equal portions. Refusals were measured every morning. Representative samples of refusals of the basal diet were collected and kept frozen until analysis.
Animals were weighed on days 21 and 7 before expected calving and on day 2 after calving. BSC was estimated according to Edmonson et al. (1989) . Milk production was measured daily using Milk Masters. Milk samples were taken in 7-day intervals from the morning and afternoon milkings and stored at 4°C, but no longer than 2 weeks, until analysis.
On day 5 before expected calving, jugular blood samples were taken and serum was kept at -20°C until analysed. Data on insemination index, number of days to fi rst service, length of service period and open days were collected.
Chemical analysis
Feeds and refusals were analysed according to AOAC (1990) and the fermentation products in silages by gas chromatography (Varian 3400 and Autosampler 8200CX, column DB-SFAP Megabore 30 meter long and ID 53µ; initial temperature of column was 80 o C increased by 7 o C/min until 270 o , injection temperature was 200 o C, detection temperature, 260 o C). Silage pH was measured potentiometrically. Milk composition and somatic cell count (SCC) was determined using a Milko-Scan FT 120 (Foss Electric, Denmark).
Serum non-esterifi ed fatty acids were estimated colorimetrically using acyl-CoA synthetase, oxidase and peroxidase (WAKO Reagents). D-3 hydroxybutyric acid (BHBA) was determined in a kinetic enzymatic reaction using a Cobas-Bio analyzer (Roche) and a high-sensitivity reagent kit (RANDOX). Glucose, urea, albumin and aspartate aminotransferase (AST) were determined using a VITROS 950 analyzer (Ortho-Clinical Diagnostic; Test Methodology Manual, 1997), insulin and progesterone by radioimmunoassay (BioSource INS-IRMA Kit and Bio-Source PROG-RIA-CT Kits).
Calculations and statistical analysis
The energy and protein values of feeds were calculated according to IZ-INRA (2001) methods using WINWAR 1.6 (2000) and INRAtion 2.63 (1998/99) software.
The results were subjected to two-way analysis of variance using the GLM procedure of SAS (2001) . The differences between treatments were then estimated using the LSM method. P<0.05 was considered signifi cant. For some traits, normal distribution was not achieved, and for them the analysis of variance was carried out on data submitted to logarithmic transformation. Graphs describing dry mater, energy and protein intake were prepared using Excel for Windows software.
RESULTS AND DISCUSSION
The chemical composition and nutritive value of feeds and refusals of basal diets are shown in Table 2 . Concentrates for subgroups M and B were isoenergetic and iso-nitrogenous (crude protein and PDIN), but concentrate M contained slightly more PDIE and crude fi bre. Both concentrates had similar contents of N-free extractives with starch as a main component. Chemical composition and nutritive value of refusals before calving were similar in both subgroups, however, refusals M had slightly higher crude protein and lower crude fi bre contents. The higher content of N-free extractives in refusals of subgroup M indicates a lower intake of this component by cows.
Refusals during lactation in both subgroups contained similar levels of protein and energy, but refusals of subgroup M had more crude fi bre and less N-free extractives, indicating a higher starch intake by this subgroup (Table 2) . Differences between the subgroups in the N-free extractives content in refusals before and after calving are diffi cult to interpret. Intake of feeds and nutrients is shown in Tables 3 and 4 and in Figures 1 and 2 . In the last week before calving, cows fed rations supplemented with different doses of protected methionine consumed (Table 3 ) signifi cantly more DM (P<0.01) than cows of the control group, which resulted from a higher intake of the basal diet (P<0.01). As a result of increased intake of DM, the methioninesupplemented cows also consumed more crude protein, PDIN, PDIE and UFL.
The source of starch in the concentrate had no infl uence on DM and nutrient intake before calving. The above tendencies were found both in the last week and in the last three weeks prepartum.
The positive effect of protected methionine supplement on feed intake before calving could be ascribed to more effi cient liver function. A "healthier" liver means less propionate, ketone bodies and ammonia, etc. in the blood, which in turn may stimulate higher DM intake. Methionine, being a donor of methyl groups, could hypothetically provoke more effective triglyceride oxidation or stimulate VLDL synthesis (Drackley, 1999; Brusemeister and Südekum, 2006) . .76 b 9.74 b 0.01 9.52 9.45 0.56 0.01 0.56 1 P -probability; 2 SE -standard error of mean; 3 interaction protected methionine (Smartamine) × starch source; differences between the means within the row with different letters are statistically signifi cant Supplementation of protected methionine did not infl uence, in any analysed period after calving (Table 4) , total or basal diet daily DM intake and, consequently, protein and energy intake, which is in line with other authors (Sloan, 1997; Pisulewski et al., 2002) .
The starch source also did not affect DM intake of total and basal diet and concentrates in lactating cows, however, the cows fed concentrate containing maize consumed more (P<0.01; Figure 2 ) PDIE, which was caused by the higher PDIE content in maize concentrate ( Table 2 ). The lack of effect of starch source on feed intake is not surprising since the compared rations were isoenergetic and generally the chemical composition and nutritive value of refusals did not point to preferential starch (NFE) intake by any subgroup. Interaction between protected methionine supplementation and starch source on DM and nutrient intake also appeared not to be signifi cant.
Mean daily milk yield amounted to 36.6 kg (Table 5 ) and neither protected methionine supplementation nor starch source affected total or mean daily milk yield, which agrees with the results of other experiments (Sloan, 1997; Younge et al., 2001; Pisulewski et al., 2002) . Same authors (Rulquin et al., 1993; Sloan, 1997; Younge et al., 2001) reported that protected methionine supplementation increased milk protein content, however, such an effect could be expected in cows fed rations defi cient in methionine digested in the small intestine. In our experiment, supplementation of Smartamine only slightly increased protein and fat contents in milk, which may suggest a lack of substantial defi ciency in our control diet. A similar lack of protected methionine effect on milk composition was found in the experiments of Younge et al. (2001) and Pisulewski et al. (2002) .
Starch source did not affect milk composition but, unexpectedly, the cows of subgroup B produced milk containing more urea (P<0.05; Table 5 ). One would rather expect the opposite results since higher availability of barley than maize starch in the rumen could deliver more substrate (energy) to capture ammonia in microbial protein.
The effi ciency of milk production did not depend on Smartamine supplementation or starch source (Table 6 ). For the production of 1 kg of milk the cows in the experiment used on average about 300 g of concentrates, 600 g DM, 63 g PDI and 0.57 UFL and these results are somewhat higher than IZ-INRA (2001) standards. The metabolic profi les of cows on days 1-2 before calving and 21-28 of lactation are given in Table 7 . Addition of protected methionine resulted in a signifi cant increase in blood serum glucose content before calving and on days 1-2 after calving. Before calving the effect of Smartamine was already seen when 15 g d -1 of additive were used, whereas on days 1-2 such an effect was found only when 30 g were applied. The higher post-partum serum glucose content was in line with higher serum insulin level (P<0.02). The higher serum glucose content may testify to more effective gluconeogenesis in the liver of methionine-supplemented cows. It is possible that methionine stimulating VLDL synthesis in the liver (Bauchart et al., 1998; Brusemeister and Südekum, 2006) decreased liver lipidosis, causing better conditions for glucose synthesis. Unfortunately, such an increase in blood glucose did not affect DM intake and milk production. On the other hand the starch source had no effect on the studied blood parameters, except for a tendency (P=0.06) for higher serum glucose on days 1-2 post-partum in cows fed diets with maize concentrate. These animals also had apparently lower NEFA and BHBA serum concentrations, unfortunately not signifi cantly proved. Such a combination of results may point to the improved (Table 8 ). There were also no treatment effects on changes in BCS in the periods between before and after calving. According to Grummer (1993) or Drackley (1999) , delivery of dietary compounds containing methyl groups should improve energy balance and could limit condition losses. Such an effect was not observed in this study. The condition of cows was good at the beginning of the experiment, which might have masked a possible effect of methionine. As above, the reproduction indices studied were not infl uenced by experimental treatments (Table 9) . A possible effect of protected methionine on energy balance was probably too small to infl uence reproduction of cows. Generally, the results obtained in our experiment indicate that adding ruminal protected methionine to the diets for transition cows failed to affect milk yield and composition, nutrient conversion, metabolic profi le, body weight, BCS and reproduction performance. The only positive effect of protected methionine found was increased serum glucose levels around calving. We hypothesize that this effect could have resulted from donation of methyl groups to the liver. A methionine effect on metabolic profi le might have been even better marked if the cows had been more fatty, with visible signs of liver lipidosis. However, in the context of our results the application of protected methionine as a preventive treatment against ketosis and liver lipidosis remains disputable.
The lack of effect of starch source on metabolic and productivity indices could have resulted from the relatively low proportion of starch in the diet, particularly before calving.
CONCLUSIONS
The hypothesis of our study was that feeding transition cows rations containing an additional source of starch digested in the intestine and protected methionine should reduce the energy defi cit and body reserve mobilization through an increase in very low density lipid synthesis and a decrease in liver lipidosis. The results of our experiment do not allow this hypothesis to be accepted.
